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POWER DELIVERY THROUGH AN OPTICAL SYSTEM

In one embodiment, a method includes receiv-

ing power delivered over a data fiber cable (18) at an
optical transceiver (16) installed at a network communi-
cations device (14, 15) and transmitting data and the
power from the optical transceiver (13) to the network

communications device (14, 15). The network commu-
nications device (14, 15) is powered by the power re-
ceived from the optical transceiver (16). An apparatus is
also disclosed herein.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to
communications networks, and more particularly, to pow-
er delivery in a communications network.

BACKGROUND

[0002] Power over Ethernet (PoE) is a technology for
providing electrical power over a wired telecommunica-
tions network from power sourcing equipment (PSE) to
a powered device (PD) over a link section. In conven-
tional PoE systems, power is delivered over the cables
used by the data over a range from a few meters to about
one hundred meters. When a greater distance is needed
or fiber optic cables are used, power must be supplied
through a local power source such as a wall outlet due
to limitations with conventional PoE. Furthermore, to-
day’s PoE systems have limited power capacity, which
may be inadequate for many classes of devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

Figure 1 illustrates an example of a network in which
embodiments described herein may be implement-
ed.

Figure 2 illustrates an example of the network of Fig-
ure 1 with redundant data and power.

Figure 3 illustrates an example of fog node deploy-
ment with the network of Figure 2.

Figure 4 illustrates an example of smart city fog de-
ployment with the network of Figure 3.

Figure 5 is a flowchart illustrating an overview of a
process for delivery of power and data in a Power
over Ethernet (PoE) + Fiber system, in accordance
with one embodiment.

Figure 6 depicts an example of a network device
useful in implementing embodiments described
herein.

Figure 7 is a block diagram of a smart optical module
for use in the PoE+F system, in accordance with one
embodiment.

Figure 8 is a block diagram of the smart optical mod-
ule of Figure 7 configured for auto power detection,
in accordance with one embodiment.

Figure 9A is a front view of a fiber connector for use
in the PoE+F system, in accordance with one em-
bodiment.

Figure 9B is a front view of the fiber connector, in
accordance with another embodiment.

Figure 9C is a cross-sectional view of a power and
data fiber cable for use with the fiber connector, in
accordance with one embodiment.

Figure 10A is atop perspective of the fiber connector,
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in accordance with one embodiment.

Figure 10B is a bottom perspective of the fiber con-
nector of Figure 10A.

Figure 11Ais afront perspective of an optical module
for use in the PoOE+F system, in accordance with one
embodiment.

Figure 11Bis arear perspective of the optical module
of Figure 11A.

Figure 12Ais afront perspective of an optical module
cage for use in the PoE+F system, in accordance
with one embodiment.

Figure 12B is an internal view of a rear wall of the
optical module cage of Figure 12A.

Figure 13 is an exploded view of the cable, connec-
tor, optical module, and optical module cage, in ac-
cordance with one embodiment.

Figure 14 is a cross-sectional view of one example
of a cable for use in the PoE+F system.

Figure 15 is a side view of a connector and cable
assembly and optical module for use in the PoE+F
system, in accordance with one embodiment.
Figure 16 is a side view of a connector and cable
assembly and optical module, in accordance with
another embodiment.

Figure 17 is a block diagram of the smart optical mod-
ule of Figure 7 with cooling, in accordance with one
embodiment.

[0004] Corresponding reference characters indicate
corresponding parts throughout the several views of the

drawings.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview

[0005] Aspects of the invention are set out in the inde-
pendent claims and preferred features are set out in the
dependent claims. Features of one aspect may be ap-
plied to each aspect alone or in combination with other
aspects.

[0006] In one embodiment, a method generally com-
prises receiving power delivered over a data fiber cable
at an optical transceiver installed at a network commu-
nications device and transmitting data and the power
from the optical transceiver to the network communica-
tions device. The network communications device is
powered by the power received from the optical trans-
ceiver.

[0007] Inanotherembodiment, an apparatus generally
comprises an optical interface for receiving optical sig-
nals on an optical fiber in a fiber and power cable at an
optical transceiver, an electrical interface for receiving
power on an electrical wire in the fiber and power cable
at the optical transceiver, an optical component for con-
verting the optical signals to electrical signals, and a pow-
er component for detecting and monitoring the power at
the optical transceiver and providing the power to a net-
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work communications device.

[0008] In yet another embodiment, an apparatus gen-
erally comprises an optical transceiver comprising an op-
tical interface for transmitting optical signals on an optical
fiber in a fiber and power cable and an electrical interface
for transmitting power on an electrical wire in the fiber
and power cable, and a power supply unit for receiving
the power external from a communications network and
providing the power to the optical transceiver for trans-
mission in the communications network.

[0009] In another embodiment, a method generally
comprises transmitting power over a data fiber cable from
an optical transceiver installed at a network device and
transmitting data on the data fiber cable from the optical
transceiver. The power and the data are transmitted over
acommunications network and received at network com-
munications devices powered by the received power.
[0010] Further understanding of the features and ad-
vantages of the embodiments described herein may be
realized by reference to the remaining portions of the
specification and the attached drawings.

Example Embodiments

[0011] The following description is presented to enable
one of ordinary skill in the art to make and use the em-
bodiments. Descriptions of specific embodiments and
applications are provided only as examples, and various
modifications will be readily apparent to those skilled in
the art. The general principles described herein may be
applied to other applications without departing from the
scope of the embodiments. Thus, the embodiments are
not to be limited to those shown, but are to be accorded
the widest scope consistent with the principles and fea-
tures described herein. For purpose of clarity, details re-
lating to technical material that is known in the technical
fields related to the embodiments have not been de-
scribed in detail.

[0012] In conventional Power over Ethernet (PoE) sys-
tems used to simultaneously transmit power and data
communications, power is delivered over the same twist-
ed pair cable used for data. These systems are limited
in range to a few meters to about 100 meters. Further-
more, the maximum power delivery capacity of standard
PoE is approximately 100 Watts, but many classes of
powered devices would benefit from power delivery of
1000 Watts or more. When a larger distance is needed,
fiber optic cabling is used, orlarger power delivery ratings
are needed, power needs to be supplied to the device
through a local power source.

[0013] The embodiments described herein provide
power delivery through an optical transceiver by supply-
ing power integrated with fiber cabling over the same
fiber/optical transceiver system so that power may be
supplied at greater distances (e.g., upto 10 km), in great-
er quantity (e.g., up to several kilowatts), and may be
provided in locations where local power is difficult to de-
liver. By incorporating power in the fiber cable and deliv-
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ering from a building entrance, power does not need to
be supplied throughout a data center room and a full
zoned system may be deployed without building out a
data room. The embodiments effectively deliver commu-
nications and power on a large enough scale that equip-
ment in a data room can entirely be powered from an
equipment/premise entrance point of the building. Thus,
electrical power distribution equipment may be removed
from the floor data room and switches, routers, access
points, lighting systems, and other electronic devices or
equipment may be placed outside of the 100 m range of
traditional PoE systems. Through a combination of PoE
or pulsed power with a modified optical transceiver and
connector system, power can be delivered to equipment
in a zone, data room on a floor, or an access point any-
where in the building.

[0014] Internetof Things (loT) applications like remote
sensors / actuators and fog computing can also take ad-
vantage of the greater reach and power delivery capacity
of this system. With an extended reach (e.g., one to ten
km), all power to communications equipment throughout
a building or across a neighborhood can be delivered
from one source, along with the communications link for
the equipment, thereby providing a user with complete
control of the location of communications equipment
without the 100 m limitation of traditional PoE. As de-
scribed in detail below, one or more embodiments may
be used to deliver power to and from a network (e.g.,
switch/router) system using an optical transceiver and
fiber connector system modified to incorporate electrical
wires to deliver power through the optical transceiverand
to powered devices. The system is referred to herein as
PoE + Fiber (PoE+F).

[0015] Referring now to the drawings, and first to Fig-
ure 1, an example of a network in which embodiments
described herein may be implemented is shown. For sim-
plification, only a small number of nodes are shown. The
embodiments operate in the context of a data communi-
cations network including multiple network devices. The
network may include any number of network devices in
communication via any number of nodes (e.g., routers,
switches, gateways, controllers, access points, or other
network devices), which facilitate passage of data within
the network. The network devices may communicate
over or be in communication with one or more networks
(e.g., local area network (LAN), metropolitan area net-
work (MAN), wide area network (WAN), virtual private
network (VPN) (e.g., Ethernet virtual private network
(EVPN), layer 2 virtual private network (L2VPN)), virtual
local area network (VLAN), wireless network, enterprise
network, corporate network, data center, Internet of
Things (loT), Internet, intranet, or any other network).
[0016] The network is configured to pass electrical
power along with optical data to provide both data con-
nectivity and electric power to network devices such as
switches, routers, access points, or other electronic com-
ponents and devices. Signals may be exchanged among
communications equipment and power transmitted from
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power sourcing equipment to powered devices. As de-
scribed in detail below, the PoE+F system delivers power
to and from a network (e.g., switch/router system) using
an optical transceiver (optical module) configured to re-
ceive and transmit both data and electrical power, and a
cabling system comprising both optical fibers and elec-
trical wires (e.g., copper wires).

[0017] Asshowninthe example of Figure 1, the PoE+F
system uses building power supplied to a network device
10, which may be located in a premise/entry room, for
example. The power may be transmitted from the building
entry point to end points, which may be located at dis-
tances greater than 100 meters (e.g., 1 km, 10 km, or
any other distance), and/or at greater power levels than
100 Watts (e.g., 250 Watts, 1000 Watts or any other pow-
er level). In one or more embodiments, there is no need
for additional electrical wiring for the communications
network and all of the network communications devices
14, 15 operate using the power provided by the PoE+F
system, delivered through an optical transceiver 16 op-
erable to receive and transmit both fiber optics data and
power.

[0018] The network device 10 comprises a power sup-
ply unit (PSU) 11 for receiving power (e.g., building pow-
er), a fabric 12, and a plurality of line cards 13. In the
example shown in Figure 1, one of the line cards receives
fiber from outside of the building (e.g., from street or other
location) and the other line cards implement PoE+F. The
network device 10 is operable to provide high capacity
power from an internal power system (e.g., PSU provid-
ing over and including 5 kW (e.g., 10 kW, 12 kW, 14 kW,
16 kW), or PSU providing over and including 100 W (e.g.,
500 W, 1 kW) of useable power or any other suitable
power capacity). The PSU 11 may provide, for example,
PoE, pulsed power, or AC power. As described in detail
below, the network device 10is operable to receive power
external from a communications network and transmit
the power over data fiber cables 18 in the communica-
tions network (e.g., network comprising central hub 10
(PSE) and a plurality of network devices 14, 15 (PDs).
The network device 10 may comprise, for example, a
router or convergence device (e.g., Network Conver-
gence System (NCS) 4000 series available from Cisco
Systems, Inc.) or any other suitable line card system. It
is to be understood that this is only an example and any
other network device operable to transmit power and op-
tical data may be used. One or more of the line cards 13
may also include an optical transceiver module 16 oper-
able to transmit power and data on the cables 18.
[0019] The network may include any number or ar-
rangement of network communications devices (e.g.,
switches 14, access points 15, routers, or other devices
operable to route (switch, forward) data communica-
tions). In one example each group of access points 15
is located on a different floor or zone. One or more net-
work devices 14, 15 may also deliver power to equipment
using PoE, as described below with respect to Figures 3
and 4. For example, one or more of the network devices
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14, 15 may deliver power using PoE to electronic com-
ponents such as IP (Internet Protocol) cameras, VolP
(Voice over IP) phones, video cameras, point-of-sale de-
vices, security access control devices, residential devic-
es, building automation devices, industrial automation,
factory equipment, lights (building lights, streetlights),
traffic signals, and many other electrical components and
devices.

[0020] Cables 18 extending from the network device
10 to the switches 14 and access points 15 are configured
to transmit power over data fiber cabling and include both
optical fibers and electrical wires. In one example, the
cables 18 comprise two copper wires and two fibers. The
cables 18 may be formed from any material suitable to
carry both electrical power and optical data (e.g., copper,
fiber) and may carry any number of electrical wires and
optical fibers in any arrangement. As described below
with respect to Figures 15-18, the cables 18 may also
include cooling.

[0021] The opticaltransceivers (optical module, optical
device, optics module, transceiver, silicon photonics op-
tical transceiver) 16 are configured to source or receive
power, as described in detail below. The transceiver
modules 16 operate as an engine that bidirectionally con-
verts optical signals to electrical signals or in general as
an interface to the network element copper wire or optical
fiber.

[0022] In one or more embodiments, the optical trans-
ceiver 16 may be a pluggable transceiver module in any
form factor (e.g., SFP (Small Form-Factor Pluggable),
QSFP (Quad Small Form-Factor Pluggable), CFP (C
Form-Factor Pluggable), and the like), and may support
data rates up to 400 Gbps, for example. Hosts for these
pluggable optical modules include line cards on the
switches 14, access points 15, or other network devices.
One or more of the line cards 13 in network device 10
may also host optical modules. The host may include a
printed circuit board (PCB) and electronic components
and circuits operable to interface telecommunications
lines in a telecommunications network. The host may be
configured to perform one or more operations and re-
ceive any number or type of pluggable transceiver mod-
ules configured for transmitting and receiving signals.
[0023] The optical transceiver 16 may also be config-
ured for operation with AOC (Active Optical Cable) and
form factors used in UWB (Ultra-Wideband) applications,
including for example, Ultra HDMI (High-Definition Mul-
timedia Interface), serial high bandwidth cables (e.g.,
thunderbolt), and other form factors.

[0024] Also, it may be noted that the optical transceiv-
ers 16 may be configured for operation in point-to-
multipoint or multipoint-to-point topology. For example,
QFSP may breakoutto SFP+. One or more embodiments
may be configured to allow for load shifting.

[0025] As described in detail below, the optical trans-
ceiver 16 is modified along with a fiber connector system
to incorporate copper wires to deliver power through the
optical transceiver to the powered devices 14, 15 for use
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by the network communications devices. The optical
transceiver 16 provides for power to be delivered to the
switches 14 and access points 15 in locations where
standard power is not available. As described further be-
low, the optical transceiver 16 may be configured to tap
some of the energy and make intelligent decisions so
thatthe power source 10 knows whenitis safe toincrease
power on the wires without damaging the system or en-
dangering an operator.

[0026] In one embodiment, one or more network de-
vices may comprise dual-role power ports that may be
selectively configurable to operate as a PSE (Power
Source Equipment) port to provide power to a connected
device or as a PD (Powered Device) port to sink power
from the connected device, and enable the reversal of
energy flow under system control, as described in U.S.
Patent No. 9,531,551 ("Dynamically Configurable Pow-
er-Over-Ethernet Apparatus and Method", issued De-
cember 27, 2016), for example. The dual-role power
ports may be PoE or PoE+F ports, for example.

[0027] In addition to the network devices 14, 15 com-
prising optical transceivers 16 operable to receive and
transmit power over electrical wires and optical data over
fibers, the network may also include one or more network
devices comprising conventional optical modules that
only process and transmit the optical data. These net-
work devices would receive electrical power from a local
power source such as a wall outlet. Similarly, specialized
variants of transceivers 16 could eliminate the optical da-
tainterfaces, and only interconnect power (perhaps mov-
ing data interconnection to wireless networks).

[0028] Figure 2 illustrates an example of a redundant
data and power PoE+F system. The network includes
two redundant network devices 20a, 20b, which receive
powerand fiber ata premise entrance point, as previously
described. Each network device 20a, 20b delivers power
over data fiber cabling 28a, 28b, respectively, to the
switches 24 and access points 25. Each switch 24 and
access point 25 comprises two optical transceivers 26a,
26b for receiving data and power from network devices
20a, 20b, respectively. The network shown in the exam-
ple of Figure 2 may provide backup data and power in
the case of failure of any single cable 28a, 28b, or either
network device 20a, 20b, or provide additional power or
bandwidth as needed in the network. In one example, a
plurality of switches 24 and access points 25 may provide
power and data to a first circuit and another group of
switches and access points may provide power and data
to a second circuit. Both circuits may be used to provide
power to an equipment power circuit, for example, to pro-
vide higher service availability.

[0029] Figure 3 illustrates an example of PoE+F in a
fog node deployment, in accordance with one embodi-
ment. Fog is an loT technique where computation, net-
working, and storage are moved from the cloud to loca-
tions much closer to the IoT sensors and actuators. In
the example shown in Figure 3, power is delivered over
datafiber cables 38a, 38b connected to optical transceiv-
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ers 36a, 36b. Each network device 30a, 30b provides
power delivered over data fiber cabling 38a, 38b to any
number of fog nodes 32. In one example, power may be
delivered over datafiber cabling to provide approximately
600 W output to each of the twenty-four fog nodes 32.
Each fog node 32 comprises processing and memory 33
and one or more PoE modules 34 operable to power one
or more PoE devices. For example, each fog node 32
may provide approximately 500 W of power to PoE de-
vices such as streetlights 31, traffic signals 35, 5G cells,
access points, base stations 37, video cameras 39, or
any other electronic device serving a smart building or
smart city.

[0030] Figure 4 illustrates an example of smart city fog
deployment, in accordance with one embodiment. In this
example, two PoE+F redundant routers 40 provide pri-
mary and backup (redundant) power and data to fog
nodes 42. The fog nodes 42 provide power to one or
more loT (Internet of Things) devices 45 (e.g., 5G cells,
APs, streetlights, traffic signals, video cameras, or other
devices). In one example, each pair of routers 40 may
serve approximately twenty-four fog nodes 42, covering
approximately 100 city blocks or approximately 1 square
km.

[0031] The PoE fog node arrangement shown in Fig-
ures 3 and 4 may also be used in a smart building (e.g.,
different fog node for each floor), smart factory (e.g., dif-
ferentfog node for each assembly cell), cruise ship, hotel,
school, campus, hospital, shopping center, or any other
environment.

[0032] Itis to be understood that the network devices
and topologies shown in Figures 1, 2, 3, and 4, and de-
scribed above are only examples and the embodiments
described herein may be implemented in networks com-
prising different network topologies or network devices,
without departing from the scope of the embodiments.
For example, the network may comprise any number or
type of network communications devices that facilitate
passage of data over the network (e.g., routers, switches,
gateways, controllers), network elements that operate as
endpoints or hosts (e.g., servers, virtual machines, cli-
ents), and any number of network sites or domains in
communication with any number of networks. Thus, net-
work nodes may be used in any suitable network topol-
ogy, which may include any number of servers, virtual
machines, switches, routers, or other nodes intercon-
nected to form a large and complex network, which may
include cloud or fog computing. Nodes may be coupled
to other nodes or networks through one or more interfac-
es employing any suitable wired or wireless connection,
which provides a viable pathway for electronic commu-
nications.

[0033] Figure 5 is a flowchart illustrating an overview
of a process for delivering power and data through an
optical transceiver system. At step 50, power and data
are received at an optical transceiver 16 operating at a
network device 14, wherein the power is delivered to the
optical transceiver over data fiber cable 18 and received
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at a connector configured to transmit the power and data
from the cable to the optical transceiver (Figure 1). The
optical transceiver 16 transmits power and data to the
network device 14, which is powered by the power re-
ceived at the optical transceiver (step 52) (Figures 1 and
5). In one or more embodiments, the network device may
further transmit PoE to one or more PoE devices (e.g.,
lights, access points, streetlights, traffic signals, camer-
as, or other devices) (step 54).

[0034] Itis to be understood that the process shown in
Figure 5is only an example of a process for implementing
PoE+F and that steps may be added, removed, com-
bined, or modified, without departing from the scope of
the embodiments. For example, an optical transceiver
16 at the central hub 10 is operable to transmit power
received from the power supply unit 11 along with data
on the power and fiber cable 18 (Figure 1).

[0035] Figure 6 illustrates an example of a network de-
vice 60 (e.g., switch 14, access point 15, central hub 10
in Figure 1) that may be used to implement the embod-
iments described herein. In one embodiment, the net-
work device 60 is a programmable machine that may be
implemented in hardware, software, or any combination
thereof. The network device 60 includes one or more
processors 62, memory 64, interface 66, and PoE+F op-
tical module 68 (e.g., optical transceiver 16 in Figure 1).
[0036] Memory 64 may be a volatile memory or non-
volatile storage, which stores various applications, oper-
ating systems, modules, and data for execution and use
by the processor 62. For example, components of the
PoE+F optical module 68 (e.g., code, logic, or firmware,
etc.) may be stored in the memory 64. The network device
60 may include any number of memory components.
[0037] The network device 60 may include any number
of processors 62 (e.g., single or multi-processor comput-
ing device or system), which may communicate with a
forwarding engine or packet forwarder operable to proc-
ess a packet or packet header. The processor 62 may
receive instructions from a software application or mod-
ule, which causes the processor to perform functions of
one or more embodiments described herein.

[0038] Logic may be encoded in one or more tangible
media for execution by the processor 62. For example,
the processor 62 may execute codes stored in a compu-
ter-readable medium such as memory 64. The computer-
readable medium may be, for example, electronic (e.g.,
RAM (random access memory), ROM (read-only mem-
ory), EPROM (erasable programmable read-only mem-
ory)), magnetic, optical (e.g., CD, DVD), electromagnet-
ic, semiconductor technology, or any other suitable me-
dium. In one example, the computer-readable medium
comprises a non-transitory computer-readable medium.
Logic may be used to perform one or more functions de-
scribed above with respect to the flowchart of Figure 5
or other functions such as power level negotiations or
safety subsystems described below. The network device
60 may include any number of processors 62.

[0039] The interface 66 may comprise any number of
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interfaces or network interfaces (line cards, ports, con-
nectors) for receiving data or power, or transmitting data
or power to other devices. The network interface may be
configured to transmit or receive data using a variety of
different communications protocols and may include me-
chanical, electrical, and signaling circuitry for communi-
cating data over physical links coupled to the network or
wireless interfaces. For example, line cards may include
port processors and port processor controllers. The in-
terface 66 may be configured for PoE+F, PoE, PoF, or
similar operation.

[0040] The PoE+F optical module 68 may comprise
one or more components of the optical transceiver 16 in
Figure 1 and may also include logic, firmware, software,
etc. for use with a smart optical module shown in Figures
7 and 8 (described below). For example, the optical mod-
ule 68 may comprise hardware or software for use in
power detection, power monitor and control, or power
enable/disable. The optical module 68 may further com-
prise one or more of the processor or memory compo-
nents, or interface for receiving power and optical data
from the cable 18 at a fiber connector, for delivering pow-
er and signal data to the network device, or transmitting
control signals to the power source 10, for example (Fig-
ures 1 and 6). As previously described, power is supplied
to the optical module by power supply 67 and the POE+F
optical module 68 provides power to the rest of the com-
ponents at the network device 60.

[0041] It is to be understood that the network device
60 shown in Figure 6 and described above is only an
example and that different configurations of network de-
vices may be used. For example, the network device 60
may further include any suitable combination of hard-
ware, software, algorithms, processors, devices, compo-
nents, or elements operable to facilitate the capabilities
described herein.

[0042] Figure 7 illustrates a smart optical transceiver
70, in accordance with one embodiment. The smart op-
tical transceiver 70 provides for communication with the
power source (e.g., network device 10 in Figure 1) during
power up of the powered device and may provide fault
protection and detection. In one embodiment, the device
70 is configured to calculate available power and prevent
the cabling system from being energized when it should
not be powered. The optical device 70 includes optical
components 72 for receiving optical data and converting
it to electrical signals (or converting electrical signals to
optical data) and power components including power de-
tection module 74, power monitor and control unit 76,
and power enable/disable module 78.

[0043] Pulsedpoweroradvanced PoE driving voltages
beyond 60V up to +/-450V, for example, may create elec-
tromagnetic interference with the optical circuitry 72. In
one embodiment, the power components 74, 76, 78 are
isolated from the optical components 72 via an isolation
component 79 (e.g., isolation material or element). The
isolation component 79 electromagnetically isolates the
power circuit from the optical components 72 to prevent
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interference with operation of the optics.

[0044] The power detection module 74 is operable to
detect power, energize the optical components 72, and
return a message to the power source for fiber or the
powered cabling. The return message may be provided
via state changes on the power wires or over the optical
channel. In one embodiment, the power is not enabled
by the power enable/disable module 78 until the optical
transceiver 70 and the source have determined that the
device is properly connected and the network device to
be powered is ready to be powered.

[0045] The power monitor and control device 76 con-
tinuously monitors power delivery to ensure that the sys-
tem can support the needed power delivery, and no safe-
ty limits (voltage, current) are exceeded. The power mon-
itor and control device 76 may also monitor optical sign-
aling and disable power if there is a lack of optical tran-
sitions or communication with the power source.

[0046] Figure 8illustrates an example of the smart op-
tical transceiver of Figure 7 with auto power negotiation
for PoE or pulsed power, in accordance with one embod-
iment. As previously described the system 80 includes
optical components 82 and power components including
power monitor and control 86 and power enable/disable
88. In the example shown in Figure 8, the device 80 in-
cludes an auto detection module 85 that operates with a
pulse power detection module 83 and PoE detection
module 84. Each module 83, 84 is connected to its own
power monitor and control module 86 and power enable;
disable module 88. The circuit detects the type of power
applied to the device 80, determines if PoE or pulsed
power is a more efficient power delivery method, and
then uses the selected power delivery mode. Additional
modes may support other power + data standards (e.g.,
USB (Universal Serial Bus)).

[0047] As previously described, the optical transceiver
may comprise different types of optical transceivers, in-
cluding for example, an optical transceiver module or sil-
icon photonics optical transceiver. The term "optical
transceiver" as used herein may refer to any type of op-
tical component, module, or device operable to receive
and transmit optical signals. Figures 11A-11B illustrate
an example of an optical module configured to contact
an electrical interface plate on a modified fiber connector
(Figures 10A-10B) and pass power through an optical
module cage system (Figures 12A-12B), as shown in the
assembly of Figure 13. It is to be understood that the
optical transceivers shown in Figures 11A and 11B are
only examples and that other optical devices configured
to receive and transmit power and data may be used to
implement PoE+F without departing from the scope of
the embodiments.

[0048] Referring now to Figures 9A and 9B, two exam-
ples of a modified fiber connector are shown for receiving
power and fiber from a cable 90 comprising optical fibers
and electrical wires, as shown in Figure 9C. The connec-
tor may comprise, for example, amodified LC (Local Con-
nector, Lucent Connector) generally corresponding to a
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standard LC format. In the example shown in Figure 9C,
the cable 90 includes two data fibers 91 and two electrical
wires 92 (e.g., copper, aluminum, metal) enclosed in a
cable jacket.

[0049] In one example, the copper wires may be 18
AWG (American Wire Gauge) or another size/capacity
(e.g., 10 AWG), or any other suitable size or capacity
according to any applicable standard. The copper wires
92 may be bonded separately to the optical connector,
which allows a modified LC connector system to be im-
plemented without extending a bulkhead connection. As
described below, a crimp system may be used to connect
the copper wires 91 to the respective plus/minus (plus/re-
turn, power/return) connections. It is to be understood
that the optical fiber and electrical wire arrangement of
the cable 90 shown in Figure 9C is only an example. The
cable may include any number of optical fibers 91 or elec-
trical wires 92 in any arrangement. For example, the ca-
ble may include additional data fibers or power wires as
described below with respect to a modified MPO (Multi-
fiber Push On/Pull Off) connector shown in Figures 16A,
16B, 17A, and 17B. The cable may also include cooling
as described below with respect to Figure 15.

[0050] In the connector 94 shown in the example of
Figure 9A, chassis ground is on an outer case 95, copper
(metal) contact 96 for power is on the outside of a ferrule
93, and fiber 97 is inside the ferrule. In this example, the
outer housing 95 is metalized for digital ground and the
outer ferrule 96 is metalized for power. Data fiber 97 is
in ferrule 93, as with conventional LC connectors. In an-
other example, ground may be connected on one side
of the dual connector at the outer ferrule instead of the
outer case on both sides of the connector.

[0051] In another dual LC connector 98 example
shown in Figure 9B, one side of a connector contains two
fibers 99 and the other side of the connector contains
power wires 100. It is to be understood that the configu-
rations shown in Figures 9A and 9B are only examples
and that other arrangements may be used without de-
parting from the scope of the embodiments.

[0052] Figures 10A and 10B illustrate details of one
example of an LC connector 102 modified to include an
external contact plate and a crimp point for which elec-
trical wires can be crimped onto the connector. As with
conventional LC connectors, the connector 102 includes
a latch mechanism 103 on an upper side that allows the
connector to be easily engaged and disengaged. The
connector 102 mechanically couples and aligns the fibers
in ferrule 101 so that light can pass through to the optical
transceiver. The modified connector 102 receives a cable
(e.g., cable 90 shown in Figure 9C) comprising optical
fiber (or fibers) and power wire (or wires). As shown in
the bottom view of Figure 10B, the connector 102 further
comprises an external metal contact plate (e.g., one or
more copper pads) 106 and crimp point 107 onto which
the copper wire can be crimped. As described below with
respect to Figure 11A, the optical module includes an
internal electrical input (e.g., tab or wire contact) for in-
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terface with the contact plate 106. A portion 108 of the
connector body may be extended to allow for the copper
wire to be crimped using a standard press-in crimp meth-
od. In one embodiment, the housing 108 is elongated to
support 10, 12, 14, 16, or 18 AWG wire systems.
[0053] In one or more embodiments, a spring loaded
slide cover 109 (shown partially open in Figure 10B) may
be provided to cover the electrical contact point 106 as
the connector is removed from the optical device to pre-
vent energized cable from becoming grounded during
handling. The cover 109 is pushed back during insertion
of the connector 102 into the optical device, thereby al-
lowing mating contact between the external contact plate
106 and the internal contact point on the optical module
when the connector is inserted. If the optical device is
not configured to receive power (conventional non-power
LC connector), communications compatibility is main-
tained through the common LC connector interface.
[0054] Itis to be understood that the connector shown
in Figures 10A and 10B is only an example and that other
connectors or configurations may be used without de-
parting from the scope of the embodiments. Forexample,
in one embodiment, an MPO (Multi-fiber Push On/Pull
Off) coupling may be used. Also, a single fiber system is
shown in Figures 10A and 10B, however, two LC con-
nectors in a duplex fiber system may be used as previ-
ously described with respect to Figures 9A and 9B to
provide for a power wire and a return wire to interconnect
with the optical device.

[0055] Figures 11A and11B illustrate an example of an
optical module 110 configured to receive power from the
modified LC connector 102 of Figure 10B and pass the
power through the optical module. The optical module
110includes an opening 111 configured for receiving two
connectors 102 at a front end (Figures 10A and 11A). A
rear wall of the opening 111 includes fiber inputs 112.
The optical module 110 further includes internal electrical
input contacts (power tabs, wires, angled spring fingers)
113 for contact with the connector external power pad
106 (Figures 10B and 11A). The optical device 110 sourc-
es power or receives power through these contact points
113. In one example, the system is configured to handle
PoE class 8 systems (up to 100W), as well as other power
distribution systems such as pulsed power. In one em-
bodiment, the optical module 110 may include keying to
prevent insertion of certain types of cables into incom-
patible modules.

[0056] In one embodiment, a hook/post arrangement
114 is used to slide the protective cover 109 out of the
way to allow for contact between the external contact
plate 106 on the connector 102 and the internal electrical
power input tab 113 on the optical module 110.

[0057] As shown in the rear view of Figure 11B, two
female receptacles 116 are provided to connect to the
system module cage (Figure 12B), along with the elec-
trical signal interface 118 for data and control. If different
types of modules are used for PD and PSE interfaces,
one may include male pins and the other female sockets.
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The use of female connectors for power at the rear of the
module allows for the module to be accidentally removed
under power without damaging anything or anyone. The
power output points 116 may be located on a lower por-
tion of the optical device 110 as shown in Figure 11B or
an upper portion of the device.

[0058] Figures 12A-12B illustrate an example of an op-
tical module cage 120 for the optical module shown in
Figures 11A-11B. The optical module cage 120 may in-
clude cage ground points 121 and air flow openings 125,
for example. As shown on the internal rear wall 126 of
the module cage in Figure 12B, the cage is modified to
include two male power posts 122 (+, return) for mating
with the female receptacles 116 on the optical module
(Figures 11B and 12B). The rear wall further includes an
opening 128 with contacts for receiving electrical signal
interface 118. As previously described with respect to
the optical module, the module cage interface may also
include keying to prevent a mismatch between incom-
patible components.

[0059] Figure 13 is an exploded view showing the fiber
and power cable 90, connectors 102, optical module 110,
and optical module cage 120, in accordance with one
embodiment. In this example, the cable 130 includes two
optical fibers 104 and two power wires 105 for connection
with the modified LC connector 102 comprising power
pads added to a bottom of the connector and a crimping
mechanism to allow for attachment of the copper wires
105, as shown in Figure 10B. The modified optical mod-
ule 110 passes through the power received at electrical
contact points 113 from the connector 102 to the optical
module cage 120, which passes power through to the
circuitboard (e.g., line card, route processor, fabric card).
[0060] As previously noted, the power and fiber cable
may also include cooling. Figure 14 is a cross-sectional
view of a cable design incorporating fiber, power, and
cooling. In this example, a cable 140 includes two data
fibers 142, two copper wires 144, and two cooling pipes
146. The cooling lines may, for example, deliver water,
refrigerant, or high pressure air to the powered device
and powered equipment. The system may be used to
provide cooling to devices and equipment in remote ar-
eas where traditional cooling is not available. The cable
jacket 148 may provide additional insulation, along with
insulation on the cooling pipes 146 to provide effective
cooling over a 10 km reach, for example.

[0061] Figure 15 illustrates an example of a connector
cable assembly comprising power, fiber, and cooling, in
accordance with one embodiment. A connector (e.g.,
modified MPO connector) 150 provides power and data
to optical transceiver 151. Press crimp interconnectors
may be used to terminate power, ground, and shield, as
previously described. The example shown in Figure 15
includes two chassis grounds 152, two signal grounds
153, and two optical fibers 155. Power 154 may include
one connection or two or more pins/mates. The cable
may also include cooling pipes (e.g., two cooling pipes
and two return pipes) (not shown). The connector cable
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assembly may also be configured to include additional
fibers (e.g., from two to twenty-four fibers).

[0062] Figure 16 shows another example of a connec-
tor 160. The optical transceiver 161 is shown with power
control circuits 165 and optical to electrical power con-
version module 167. In this example, the connector 160
and opticalmodule 161 are configured for six power fibers
164 and two optical fibers 165 for data. In this example,
power is delivered optically over fibers 164. The connec-
tor cable assembly shown in Figure 16 may comprise
any number or combination of power and optical fibers.
[0063] Itis to be understood that the configuration, ar-
rangement, and number of power/ground wires and fib-
ers shown in Figures 15 and 16 are only examples and
that other arrangements or number of wires and fibers
may be used without departing from the scope of the
embodiments.

[0064] Figure 17 illustrates the smart optical device of
Figure 7 with cooling pass-through lines. As previously
described, the optical device 170 includes optical com-
ponents 172, power detection 174, power monitor and
control 176, and power enable/disable 178. The optical
device 170 may also include additional components
shown in Figure 8, for example. The cooling pipes 177
provide cooling to the powered equipment and return
cooling. A cooling tap 175 is also provided for the optical
module 170. In one embodiment, the optical module cage
passes the cooling through to the system and returns the
heat generated within the optical components 172 out
through the module and into the coolant.

[0065] As canbe observed from the foregoing, the em-
bodiments described herein may provide many advan-
tages. Forexample, one or more embodiments may allow
for lengths from a building entry point to end points of up
to 10 km. Network communications devices such as rout-
ers, switches, and access points, and electronic devices
such as lighting systems and other applications may be
located outside of the 100 m range of traditional PoE
systems. This allows all electrical power to be removed
from floor data rooms. Use of a modified connector sys-
tem allows for fiber compatibility between systems where
one or both sides may not be using power over copper
delivery to power network equipment. For example, the
connector assembly may be configured for operation with
PoE+F optical systems or conventional non-power opti-
cal systems.

[0066] In summary, in one embodiment, a method in-
cludes receiving power delivered over a data fiber cable
at an optical transceiver installed at a network commu-
nications device and transmitting data and the power
from the optical transceiver to the network communica-
tions device. The network communications device is
powered by the power received from the optical trans-
ceiver. An apparatus is also disclosed herein.

[0067] Although the method and apparatus have been
described in accordance with the embodiments shown,
one of ordinary skill in the art will readily recognize that
there could be variations made to the embodiments with-
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out departing from the scope of the invention. Accord-
ingly, it is intended that all matter contained in the above
description and shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting
sense.

[0068] The disclosure of this application also contains
the following numbered clauses:

1. A method comprising:

receiving power delivered over a data fiber cable
at an optical transceiver installed at a network
communications device; and

transmitting data and the power from the optical
transceiver to the network communications de-
vice;

wherein the network communications device is
powered by the power received from the optical
transceiver.

2. The method of clause 1 wherein the data and the
power are received from a power supply unit located
at least 1 km from the network communications de-
vice.

3. The method of clause 2 wherein the power supply
unit is operable to provide a power output of at least
5 kw.

4. The method of any of clauses 1 to 3 further com-
prising receiving redundant data and power at a sec-
ond optical transceiver installed at the network com-
munications device.

5. The method of any of clauses 1 to 4 further com-
prising transmitting Power over Ethernet (PoE) from
the network communications device to a PoE device.

6. The method of clause 5 wherein the network com-
munications device comprises a fog node receiving
the data and the power along with a plurality of fog
nodes, each of the fog nodes transmitting said PoE
to a plurality of electronic devices in a smart fog de-
ployment.

7. The method of any of clauses 1 to 6 wherein the
optical transceiver comprises an optical module re-
ceiving the data and the power from a fiber connector
comprising an external electrical contact for provid-
ing the power to a corresponding internal electrical
power input in the optical module.

8. The method of any of clauses 1 to 7 wherein wires
delivering the power to the optical transceiver are
crimped onto a fiber connector delivering the data
and the power to the optical transceiver.

9. The method of any of clauses 1 to 8 further com-
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prising communicating at the network communica-
tions device with a power source and providing a
power status at the optical transceiver.

10. The method of any of clauses 1 to 9 wherein the
optical transceiver is configured to monitor the power
and optical signals at the optical transceiver and dis-
able the power based on a status of the power and
the optical signals.

11. The method of any of clauses 1 to 10 wherein
power components are isolated from optical compo-
nents in the optical transceiver.

12. The method of any of clauses 1 to 11 further
comprising receiving cooling from the data fiber ca-
ble at the optical transceiver.

13. The method of any of clauses 1 to 12 further
comprising detecting a type of power received at the
optical transceiver and selecting a delivery method
for the power based on the detected type of power.

14. The method of any of clauses 1 to 13 wherein
the network communications device comprises a
switch and wherein a plurality of switches in a data
communications network are powered from a same
power source over the data fiber cable.

15. An apparatus comprising:

an optical interface for receiving optical signals
on an optical fiber in a fiber and power cable at
an optical transceiver;

an electrical interface for receiving power on an
electrical wire in the fiber and power cable at the
optical transceiver;

an optical component for converting the optical
signals to electrical signals; and

apower component for detecting and monitoring
the power at the optical transceiver and provid-
ing the power to a network communications de-
vice.

16. The apparatus of clause 15 wherein the optical
transceiver is configured to monitor the optical sig-
nals at the optical transceiver and disable the power
based on a status of the power and the optical sig-
nals.

17. The apparatus of clause 15 or 16 wherein the
optical transceiver is configured to detect a type of
power received at the optical transceiver and select
a delivery method for the power to the network com-
munications device based on the detected type of
power.

18. An apparatus comprising:
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an optical transceiver comprising:

an optical interface for transmitting optical
signals on an optical fiber in a fiber and pow-
er cable; and

an electrical interface for transmitting power
on an electrical wire in the fiber and power
cable; and

a power supply unit for receiving the power ex-
ternal from a communications network and pro-
viding the power to the optical transceiver for
transmission in the communications network.

19. The apparatus of clause 18 further comprising a
second power supply unit for providing backup pow-
er, wherein at least one of the power supply units is
operable to provide a power output of at least 5 kW.

20. The apparatus of clause 18 or 19 further com-
prising a power module for receiving power informa-
tion from powered devices.

21. A method comprising:

transmitting power over a data fiber cable from
an optical transceiver installed at a network de-
vice; and

transmitting data on the data fiber cable from
the optical transceiver;

wherein the power and the data are transmitted
over a communications network and received at
network communications devices powered by
the received power.

22. The method of clause 21 further comprising re-
ceiving a power status message from a power mon-
itor module at one of the network communications
devices.

23. The method of clause 21 or 22 further comprising
transmitting backup power to the network communi-
cations devices from another network device.

24. The method of any of clauses 21 to 23 wherein
at least one of the network communications devices
is located at least 1 km from the apparatus.

25. The method of any of clauses 21 to 24 wherein
the power comprises a power output of at least 5 kw.

26. Apparatus comprising:

means for receiving power delivered over a data
fiber cable at an optical transceiver installed at
a network communications device; and

means for transmitting data and the power from
the optical transceiver to the network communi-
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cations device;

wherein the network communications device is
powered by the power received from the optical
transceiver.

27. The apparatus according to clause 26 further
comprising means for implementing the method ac-
cording to any of clauses 2 to 14.

28. Apparatus comprising:

means for transmitting power over a data fiber
cable from an optical transceiver installed at a
network device; and

means for transmitting data on the data fiber ca-
ble from the optical transceiver;

wherein the power and the data are transmitted
over a communications network and received at
network communications devices powered by
the received power.

29. The apparatus according to clause 28 further
comprising means for implementing the method ac-
cording to any of clauses 22 to 25.

Claims

An apparatus comprising:
an optical transceiver comprising:

an optical interface for transmitting optical
signals on an optical fiberin a fiber and pow-
er cable; and

an electrical interface for transmitting power
on an electrical wire in the fiber and power
cable; and

a power supply unit for receiving the power ex-
ternal from a communications network and pro-
viding the power to the optical transceiver for
transmission in the communications network.

The apparatus of claim 1, further comprising a sec-
ond power supply unit for providing backup power.

The apparatus of claim 2, wherein at least one of the
power supply units is operable to provide a power
output of at least 5 kW.

The apparatus of any preceding claim, further com-
prising a power module for receiving power informa-
tion from powered devices.

A method comprising:

transmitting power over a data fiber cable from
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an optical transceiver installed at a network de-
vice; and

transmitting data on the data fiber cable from
the optical transceiver;

wherein the power and the data are transmitted
over a communications network and received at
network communications devices powered by
the received power.

The method of claim 5, further comprising receiving
a power status message from a power monitor mod-
ule at one of the network communications devices.

The method of claim 5 or 6, further comprising trans-
mitting backup power to the network communica-
tions devices from another network device.

The method of claim 7, further comprising transmit-
ting backup data to the network communications de-
vices from the other network device.

The method of any of claims 5 to 8, wherein at least
one of the network communications devices is locat-
ed at least 1 km from the apparatus.

The method of any of claims 5to 9, wherein the power
comprises a power output of at least 5 kW.

The method of any of claims 5 to 10, wherein the
network communication devices comprise a plurality
of fog nodes, optionally for transmitting the power
and data to a plurality of electronic devices in a smart
fog deployment.

The method of any of claims 5 to 11, further com-
prising providing cooling over the data and fiber ca-
ble to the network communications devices.

The method of claim 12, wherein the cooling is pro-
vided by a cooling pipe and a return pipe in the data
and fiber cable.

The method of any of claims 5 to 13, wherein the
network communications devices comprise a plural-
ity of switches in the data communications network
that are powered from a same power source over
the data and fiber cable.
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